
Landing   spacecraf t   have   d i rec t ly   charac te r ized   the   sur faces  of 
on ly   t he  Moon, Mars,  and  Venus,  but  remote  sensing,  primarily  with 
g roundbased   t e l e scopes ,   has   r evea led   s a l i en t   s t ruc tu ra l   p rope r t i e s   o f  
t h e   s u r f a c e s  of  more than  one  hundred  other  solar  system 
objects.   Radar  has  been  an  extremely  productive  technique  for 
i n v e s t i g a t i n g   a s t e r o i d s ,  which gene ra l ly  are too  small and  too distant 
t o   b e   r e s o l v e d   i n   d e t a i l  by o p t i c a l   t e l e s c o p e s .  The long  wavelengths 
( 3 . 5 ,  1 3 ,  7 0  cm) used a t  Arecibo  and  Goldstone  during  the  past  two 
decades i n  dua l -c i rcu lar -polar iza t ion   observa t ions   have   def ined   the  
degree   o f   s t ruc tura l   complexi ty  on o r   n e a r   t h e   s u r f a c e s  of each of t h e  
r ada r   de t ec t ed   bod ie s .  Some main-be l t   as te ro ids   have   po lar iza t ion  
s i g n a t u r e s   t h a t   r e q u i r e  smooth su r faces  a t  cm-to-m sca les ,   whereas   the  
a n g u l a r   s c a t t e r i n g  l a w s  i n d i c a t e  r m s  s lopes  of a f e w  t e n s  of degrees  
a t  much l a rge r ,   " topograph ic"  scales. Some small a s t e r o i d s   r e t u r n  
echoes  with as much power i n   t h e  same c i r c u l a r   p o l a r i z a t i o n  as 
t r a n s m i t t e d   ( t h e  SC sense )  as i n   t h e   o p p o s i t e  (OC)  sense;  they  must 
arise from some combination of s i n g l e   s c a t t e r i n g  from  rough  surfaces 
a n d   m u l t i p l e   s c a t t e r i n g .  

SC/OC r a t i o s   h i g h e r   t h a n   u n i t y  are seen in   echoes  from t h e   i c y  
Galilean satell i tes (Europa, Ganymede, and C a l l i s t o )  and  from p o l a r  
anomalies on  Mercury and Mars, i n   e v e r y  case assoc ia ted   wi th   unusua l ly  
h igh  radar a lbedos .  The high  radio-wavelength  transparency  of ice  
p l u s   t h e   s t r u c t u r a l   h e t e r o g e n e i t y  of surfaces   exposed  over   geologic  
time scales to   me teo ro id  bombardment  bound i n t e r p r e t a t i o n s  of t h e  
r a d a r   s c a t t e r i n g   p r o c e s s e s   i n v o l v e d .  I t  i s  c l e a r   t h a t  some icy bodies  
do n o t   r e t u r n  anomalous  echoes -- a l l  r ada r   de t ec t ed  comets  have low 
albedos  and SC/OC ra t ios   near   zero .   Converse ly ,  some regions  on Venus 
have SC/OC > 1 and  high  a lbedos.   Therefore   inferences  about   the 
p re sence   o r   absence  of ice   cannot   be   based   jus t  on r a d a r   s i g n a t u r e s .  
Moreover ,   var ious   subsur face   s t ruc tures   can   produce   ident ica l   radar  
s ignatures   (Greenland 's   percolat ion  zone  re turns   echoes l i k e  t hose  
from t h e   G a l i l e a n   s a t e l l i t e s ,  due t o   i c e   p i p e s   t h a t   d e v e l o p  from 
annual   cycles   of   mel t ing  and  f reezing) .  

Radar   invest igat ions  of   as teroids   have  proved  invaluable   in  
def in ing   these   ob jec ts '   shapes   and   sp in  states. The observa t ions  
typ ica l ly   use   b inary-phase-coded  cw waveforms, u sua l ly   w i th   pe r iod ic  
codes   bu t   occas iona l ly   ( and   a lways   fo r   ove r sp read   t a rge t s ,  which are 
common i n   t h e  main be l t ) ,   coded- long-pu l se  waveforms.  Single 
delay-Doppler  images are p o t e n t i a l l y   n o r t h - s o u t h  ambiguous; t h e  
mapping  from s u r f a c e   c o o r d i n a t e s   t o   t h e  image  can  be  many-to-one. I f  
the   radar   view is equator ia l ,   tha t   ambigui ty   cannot   be   b roken ,   bu t  
thorough  ro ta t ion   phase   coverage   un ique ly   def ines   the   t a rge t ' s   po le-on  
s i l h o u e t t e .  I f  t he   o r i en ta t iona l   cove rage   i nc ludes  enough  views a t  
least  t e n s  of degrees   f rom  the  equator ,   then  least-squares   inversion 
of the  images  can  yield a un ique   so lu t ion   fo r   t he   ob jec t ' s   shape ,   sp in  
s ta te  ( e i g h t  free pa rame te r s ) ,   r ada r   s ca t t e r ing   p rope r t i e s ,   and  
r e f i n e d  estimates of o rb i t   e l emen t s .  Such g loba l   phys ica l  
c h a r a c t e r i z a t i o n s  of s eve ra l   a s t e ro ids   have   r evea led   ex t r ao rd ina ry  
d i v e r s i t y .  


